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BackgroundBackgroundBackgroundBackground

Background

• File system for embedded systems
“ｘｆｓ” is for large volume of media and used for long time.

”ext4” is standard root file system of distribution for 

enterprise.

“btrfs” supports SSD and is potentially main stream in the 

next generation.

• Which file system has good performance for recording 
functions?

Objective

• Evaluate each file system in the point of needed 
performance for recording functions. 
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Features of File systemsFeatures of File systemsFeatures of File systemsFeatures of File systems

ORACLELinux developerSGIdeveloper

snapshot

sub volume

delayed allocation

backward compatibility

delayed allocationfeatures

development version：

linux-2.6.29-rc1

development version：

linux-2.6.19

stable code：

linux-2.6.28

linux-2.4

linux-2.6

merge timing

extentsextentsextentsblock 
management

logging by COP(copy 
on write)

journal checksummingjournal for meta 
data 

consistency of 
files

BtrfsExt4XFS
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Evaluated itemsEvaluated itemsEvaluated itemsEvaluated items

• Basic functions
processing time

format

mount

unmount

• I/O performance
write in constant rate

• File deletion 
multiple recording  may cause fragmentation.

removal time is related to fragmentation.

Evaluate these performance
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Occurrence of fragmentationOccurrence of fragmentationOccurrence of fragmentationOccurrence of fragmentation

multiple recording writes files to one HDD.

write timing is switched between recordings.

file is wrote on disk with separated. 

Direct I/O is used to make writing rate constant.

recording1

recording2

recording1

recording2

fragmentationfragmentationfragmentationfragmentation

recorded file

write timing
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Reducing fragmentationReducing fragmentationReducing fragmentationReducing fragmentation

fallocate is used to preallocate blocks to a file.

→ effective to reduce fragmentation.

file（ｆｄ）

disk area

offsetoffsetoffsetoffset lenlenlenlen

SYNOPSIS

• int fallocate(int fd, int mode, off_t offset, off_t len);
Specifies the beginning offset of  the allocation.

Specifies the length of the allocation. 

chased value of mode is only FALLOC_FL_KEEP_SIZE
Do not modify the apparent length of the file.

available on linux-2.6.23 or later and glibc-2.10 or later.
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Measure of performanceMeasure of performanceMeasure of performanceMeasure of performance

xfs、ext4、btrfsFS

ARM Cortex-A9 528MHｚ × 2CPU

USB-HDD(400GB)：I-O DATA 
HDC-UX400

HDD

OS Linux-2.6.39.1

• measured items

basic functions
format, mount, unmount

I/O performance
read/reread、write/rewrite、random-read/write

removal time and fragmentation
default, fallocate(reduce fragmentation)



9Copyright 2011, Toshiba Corporation.

basic functionsbasic functionsbasic functionsbasic functions －－－－format timeformat timeformat timeformat time－－－－

format time

0

50

100

150

200

250

300

xfs ext4 btrfs

ti
m

e
[s

e
c
]

10GB

100GB

400GB

xfsxfsxfsxfs,ext4,ext4,ext4,ext4: if size of partition is larger, format time gets longer.: if size of partition is larger, format time gets longer.: if size of partition is larger, format time gets longer.: if size of partition is larger, format time gets longer.

ｂｔｒｆｓｂｔｒｆｓｂｔｒｆｓｂｔｒｆｓ:format time is very short:format time is very short:format time is very short:format time is very short((((about about about about 300ms)300ms)300ms)300ms)....

format time of ext4 is long because format time of ext4 is long because format time of ext4 is long because format time of ext4 is long because 
ext4 allocate extent  in full of disk. ext4 allocate extent  in full of disk. ext4 allocate extent  in full of disk. ext4 allocate extent  in full of disk. 
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basic functionsbasic functionsbasic functionsbasic functions －－－－mount timemount timemount timemount timeーーーー

In case of ext4, recovery during mounting 

takes about 1 sec if there are 1000 files.

0.000

0.200

0.400

0.600

0.800

1.000

No file 1MB×1000 No file 1MB×1000 No file

after unmount before unmount during write

ti
m

e
[s

e
c
]

xfs ext4 btrfs



11Copyright 2011, Toshiba Corporation.

basic functionsbasic functionsbasic functionsbasic functions －－－－unmount timeunmount timeunmount timeunmount time－－－－

unmount time
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There is no big differences among each file system 
because unmount time is less than 100 msec.
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I/OI/OI/OI/O performanceperformanceperformanceperformance –iozoneiozoneiozoneiozone----

• I/O performance for recording functions
multiple recording to one HDD.
Use direct I/O for writing to device in constant rate.

iozone options: # iozone –s 4G –r 564 –Ice –i 0 –i 1 –i 2 –t 4

O_DIRECThow to access

４GBfile size

564KBrecord size

4thread

Include close() and fsync() timemeasured time

write/rewrite、read/reread、random-read/writemeasured item



13Copyright 2011, Toshiba Corporation.

I/OI/OI/OI/O performanceperformanceperformanceperformance –iozoneiozoneiozoneiozone----
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Rate is sum of thread

broadcast ratebroadcast ratebroadcast ratebroadcast rate：：：：about about about about ３３３３．．．．0[MB/0[MB/0[MB/0[MB/ｓｓｓｓ]]]]

→→→→ ４４４４ threadsthreadsthreadsthreads：：：：3.03.03.03.0××××4444＝＝＝＝12.012.012.012.0

Satisfies performance 

for recording.
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Removal time and FragmentationRemoval time and FragmentationRemoval time and FragmentationRemoval time and Fragmentation

◆◆◆◆environment of creating test filesenvironment of creating test filesenvironment of creating test filesenvironment of creating test files

USBUSBUSBUSB----HDDHDDHDDHDD

writing files in constant rate.writing files in constant rate.writing files in constant rate.writing files in constant rate.

multiple thread is working

removal timeremoval timeremoval timeremoval time：：：：

$ time $ time $ time $ time rmrmrmrm test_filetest_filetest_filetest_file

fragmentationfragmentationfragmentationfragmentation：：：：

measure number of extent in one test filemeasure number of extent in one test filemeasure number of extent in one test filemeasure number of extent in one test file

24Mbpswriting rate

４GBfile size

564KBrecord size

6thread

◆◆◆◆measure itemmeasure itemmeasure itemmeasure item
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Removal time and FragmentationRemoval time and FragmentationRemoval time and FragmentationRemoval time and Fragmentation

◆ｘｆｓ：

Removal time gets shorter 
if fragmentation is reduced.

◆ext4：

Fragmentation is small.

Removal time dose not 
relate to fragmentation.

◆btrfs：

removal time is long.

Removal time gets shorter 
if fragmentation is reduced.

remove time

0
1
2
3
4
5
6
7
8
9

default fallocate(64MB)

ti
m

e
[s

e
c
]

xfs

ext4

btrfs

断片化数

0

2000

4000

6000

8000

default fallocate(64MB)

e
xt

e
n

t xfs

ext4

btrfs

average value with six filesaverage value with six filesaverage value with six filesaverage value with six files
Removal time

Fragmentation



16Copyright 2011, Toshiba Corporation.

ConclusionConclusionConclusionConclusion

• evaluate file system performance recording functions.

×◎○time

○○○read

○△○mount

○○○unmount

fragmentation

write

format

×◎△

removal 
time

○○○I/O
performance

◎×○basic 
functions

ｂｔｒｆｓext4ｘｆｓ

changing options, may improve performance.changing options, may improve performance.changing options, may improve performance.changing options, may improve performance.

I/O performance of each file system is enough.

performance of xfs is good balanced.

ｘｆｓ：ｘｆｓ：ｘｆｓ：ｘｆｓ：10[sec]10[sec]10[sec]10[sec]

ext4ext4ext4ext4：：：：10101010----300[sec]300[sec]300[sec]300[sec]

ｂｔｒｆｓ：ｂｔｒｆｓ：ｂｔｒｆｓ：ｂｔｒｆｓ：0.3[sec]0.3[sec]0.3[sec]0.3[sec]

ｘｆｓ：ｘｆｓ：ｘｆｓ：ｘｆｓ：1[sec]1[sec]1[sec]1[sec]

ext4ext4ext4ext4：：：：1[sec]1[sec]1[sec]1[sec]

ｂｔｒｆｓ：ｂｔｒｆｓ：ｂｔｒｆｓ：ｂｔｒｆｓ：3333----7[sec]7[sec]7[sec]7[sec]

◎◎◎◎---->>>>very good very good very good very good ○○○○---->>>>good good good good △△△△---->>>>Fair Fair Fair Fair ××××---->>>>PoorPoorPoorPoor
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used toolused toolused toolused tool

format

• mkfs.xfs 2.8.18 (xfsprogs)

• mke2fs 1.41.9   (e2fsprogs)

• mkfs.btrfs v0.19 (btrfs-progs)

I/O performance

• iozone 3.397

fragmentation

• e2fsprogs-1.41.9
/misc/filefrag


